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Abstract
To improve fuel economy and reduce operating costs are one of the future developments of the air transport. From 
another part, it is continually called for higher speed to satisfy the global reach and make the world as a neighbor. An 
airworthiness problem of supersonic civil aircraft is the propulsion system noise. The ACE (adaptive cycle engine) 
noise is explored at the state of takeoff based on the description and analysis of aero engine noise and supersonic air 
transport. The conceptual scheme of ACE is shown and then the calculation method of each component is studied, 
including fan, combustor, turbine and nozzle. The total noise level (EPN dB) is calculated and the impact of 
components noise is analyzed. The research shows that the ACE noise is lower than the supersonic aircraft Concorde 
but higher than actual subsonic civil engine. The nozzle and fan should be paid an attention at the noise suppression 
and the airport location for supersonic aircraft could be a condition of market acceptation.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Airworthiness 
Technologies Research Center NLAA, and Beijing Key Laboratory on Safety of Integrated Aircraft and 
Propulsion Systems, China
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1. Introduction
The aero noise pollution is attracted people's attention increasingly with the environmental awareness 
growing. In 1988, CAAC (Civil Aviation Administration of China) formulated and promulgated the 
national standard GB9660-85, that was about aircraft noise around the airport, for control and 
management of aircraft noise around the airport [1]. The national standard divided the region impacted by 
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aircraft noise into the first class area and the second class area. And it regulated the peak of noise with 70 
dB for the first class area and 75 dB for the second class area. On March 20, 2002, the CCAR-36 was 
promulgated, which was the regulation of aircraft noise for airworthiness certification requirements. In 
April 2007, it was revised again and gave the rigorous and detailed limits to the civil aircraft noise.
For the civil aircrafts with currently operation, the main noise source can be divided into two parts, 
power and non-power noise. The power noise is propulsion system noise, specifically engine noise, 
including fan, compressor, combustion, turbine and nozzle. The non-power noise includes turbulence 
boundary layer, expanding landing gear, landing gear hatch door, expanding aileron, streaming around the 
expanding aileron and air brake, streaming around the wing and fuselage, engine installation and fuselage 
mutual interference, and so on [2][3]. The propulsion system noise accounts the major part of the total 
noise. Therefore it is necessary to research the noise performance of aero engine and the importance for 
noise suppression is as follows:
Airworthiness certification. The airworthiness certification standard of aircraft noise and engine noise 
becomes rigorous increasingly.
Noise limit of airport. There are more than 600 airports using additional noise limit.
Comfort of cabin. Aero engine is the main source of cabin noise. The fan noise impacts front cabin, 
such as A320 and B737. The jet noise impacts rear cabin.
Commerce competition of civil engine. Engine companies try their best to create green products.
The research report given by the America National Research Council in 2006 shows 16 research and 
technology challenges in the propulsion and power area. And the quiet propulsion system is the first [4].
2. Engine Noise And Supersonic Civil Aircraft
2.1. Engine noise and noise suppression
Noise is one of the main disadvantages for an aero engine with currently operation. Most components 
of the engine make noise. The main noise includes fan noise, combustion noise, jet noise and core engine 
noise [5]. And the detailed description is as follows.
Fan noise: fan rotors, import stream interference, bracket interference, exit guide vane interference and 
booster interference.
Combustion noise: direct and indirect combustion noise.
Jet noise: bypass nozzle cold jet and main nozzle hot jet.
Core engine noise: low pressure turbine, high pressure turbine, high pressure compressor, low pressure 
compressor.
Currently major noise suppression technology is as follows [6] [7] [8] [9] [10].
1) Mixed exhausting technology for strengthen mixing both bypass air flow and core gas flow. It is 
applied to some large/middle bypass ratio civil engine, such as RB211-524G, CFM56-5C, V2500, 
PW6000 and Trent700.
2) Sound absorption liner of exhaust nozzle technology and application. Exhaust nozzle internal noise 
can be reduced by installing sound absorption liner on the internal wall.
3) V-type petals nozzle. It is used for main nozzle jet noise reduction in takeoff and cruising state. 
Now it is also used at the exit of bypass nozzle with the development of technology. Furthermore if the 
memory alloy material is used, it will not cause a loss of thrust at cruising.
4) Engine muffler nacelle. With the application of high bypass ratio engine, jet noise is no longer the 
main noise source. And it is much more important to reduce the fan noise. Nacelle sound liner technology 
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is the primary path of reducing fan noise. Nacelle lip by carefully design can also increase the noise 
absorption area and help to reduce noise in development.
5) Aero acoustics optimization for rotating components. It includes interaction between fan and middle 
compressor, adjusting the number of fan rotor blades and spacing with exit guide vane, optimizing 
intermediate bracket position, optimizing spacing of the last stage turbine.
6) Aerodynamics optimization and new materials application of rotating components blades.
7) Key technology of noise effects between engine installation and fuselage.
2.2. Development of supersonic civil aircraft 
Concorde is the only supersonic airliner that had a long history time for business operation, which was
jointly manufactured by France and United Kingdom. In the world aviation, Since 1976 when Concord 
served, a new subsonic aircraft was put into use almost every year, but there is none new supersonic civil 
aircraft into the market so far. Speed is one of the objectives for aviation community since the first day of 
commercial airliner operating. The feasibility of developing next generation supersonic aircraft had been
explored by the aviation industry on different ways since Concord supersonic aircraft was out of the 
service in 2003. Due to the impact of safety, environment and ecological problem, some supersonic 
aircraft projects have been shelved, but the development of supersonic civil aircraft did not stop.
Japan Aerospace Exploration Agency began the Silent SuperSonic Technology Demonstrator (S3TD) 
project in February 2008. It developed and demonstrated the technology of more than half of supersonic 
jet noise suppression to Concorde. The flight testing of S3TD demonstrator will be expected to take place 
between the year 2012 and 2015 [11] [12].
United States Government and NASA formed a Supersonic Cruise Industry Alliance (SCIA) in 2005, 
which included the nation's most advanced airframe and engine manufacturers, such as Boeing, Raytheon, 
Lockheed • Martin [13]. SCIA was asked to speed up the development of technologies associated with 
supersonic flight.
NASA carried out a Vehicle System Plan (VSP) in 2004 and it aimed to explore advanced aero vehicle 
concepts and technologies [14]. VSP included the research of supersonic civil aircraft technology obstacle.  
A supersonic business jet was designed that called small silent supersonic transport aircraft. Its designed 
Mach was 1.6 to 2.0 and it can carry 6 to 10 passengers.
United States Defense Advanced Research Projects Agency (DARPA) launched a Quiet Supersonic 
Platform (QSP) program in 2000. Its direct purpose was to develop and validate the key technology of 
advanced long-range supersonic aircraft [14]. It focused on supersonic aircraft which using current 
technology and strived to adequately reduce the sonic boom and the noise at takeoff and landing, and 
improve flight efficiency.
Russia Tupolev showed Tu-444 supersonic aircraft program in the 2003 air show in Moscow [13]. 
Reportedly, it cost no more than 20% to a sibling subsonic civil aircraft. Tu-444 can service the airline 
among the most important 75 cities in the world with the largest passenger transportation.
3. Civil ACE Concept And Noise Characteristics 
3.1. Civil ACE concept scheme
Concorde was the first supersonic aircraft for commercial operation. There are four turbojet engines
called Olympus 593 as its power. Takeoff thrust is 16500kgf (38000lbt), and the cruise Mach number is 
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2.0 (H=15000m) [15]. It is now obsolete and out of service with the Concorde quitting. High operational 
costs and noise level are the main problems. Furthermore it can supersonic cruise only at the transoceanic 
flight. While it was subsonic flying in the remaining flight segments, its fuel economy was poor. The 
research of new power plant instead of Olympus 593 engine is in progress for developing supersonic civil 
transport. The feasibility of variable cycle engine and adaptive cycle engine is explored [16].
Based on the GE Company’s adaptive cycle engine concepts [17], a new engine concept for supersonic 
transport is validated and its noise characteristic is preliminary calculated. The engine adds a new 
component based on the typical layout of a double bypass variable cycle engine, which is a separate flow 
duct extended from the main fan in variable cycle engine perimeter and called the third bypass duct. After 
air enters the third bypass duct, it first flows through the Flade (fan-on-blade), which is connected in the 
main fan rotor blades and isolated. Flade includes a row of short blades connected to the perimeter of fan 
rotor blades. Besides that, Flade contains the separately adjustable stator. The new engine’s conceptual 
scheme is shown as Figure 1, where MSV is mode select valve; CDFS is core driven fan stage; VABI is
variable area bypass injector..
Fig. 1. Adaptive cycle engine conceptual scheme (Ref.16)
ACE can flexibly adjust airflow, pressure ratio and cycle mode using variable Flade, CDFS and MSV. 
The engine’s performance can self-adapt for requirements of flight assignments, be optimal in the whole 
flying scope, and balance the technology requirements between high thrust and low fuel consumption.
ACE’s performance parameters are set as same as the Olympus 593 engine for convenient analysis.
The maximum thrust is 16500kgf (38000lbt) and the largest emergency thrust is more than 18000kgf. Its
bypass ratio is in the range of 0.2 to 1.5 and can be adjusted. ACE can work as the small bypass ratio
mode with single bypass at supersonic flight while altitude is above 16km and Mach number is 2.0. The 
thrust reaches the same level of the Olympus 593 engines, but fuel consumption reduces about 5%~10%. 
At subsonic flight while altitude is 11km and Mach number is 0.8, ACE can work as the large bypass 
ratio mode with three bypasses. And the uninstall fuel consumption reduces 10%~15%. It is significantly 
improving the fuel economy of the engine.
3.2. Noise calculation
Based on the ACE scheme established above, the noise characteristics at takeoff state with different 
design parameters is preliminary calculated and analyzed as follows [18][19][20][21].
Fan/Compressor Noise
The fan and compressor noise can be calculated as shown in Eq. (1). The expression is divided into 
three parts: size factor, aerodynamic load of cascade and the other factors which include direction index, 
frequency distribution, convection impact, and so on.
3
/ 2
1
20 lg 10 lg
FAN HPC i
i
L T w F
=
= ∆ + +∑ (1)
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Where: LFAN/HPC is total noise power. ΔT is total temperature rise in fan and is about the aerodynamic 
load. w2 is air flow and is about size factor. F is the other factors.
F is divided into wide frequency noise and discrete noise. They are calculated as follows.
(1)Wide frequency noise factor
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Where: MaF is blade import relative Mach number, MaFds is the design Mach number.
Modification of rotor-stator axial spacing ratio (RS)
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Noise directivity index F3 is the function of the observation angle θ. F3 can be gotten with a certain θ
[18].
(2) Discrete noise factor
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Modification of rotor-stator axial spacing ratio (RS)
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Modification of noise directivity index
The discrete noise directivity index F3 is the same with the wide frequency noise one.
In addition, if there is an import guide vane, fan discrete noise increases 6 dB.
Combustion noise
The combustion noise can be calculated as shown in Eq. (6).
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Where: LBUR is the total noise power. w3 is air flow. csl, Tsl and Psl are sound speed, temperature 
and pressure in sea level standard state. T4 is combustor exit total temperature. T3 is combustor inlet 
total temperature; T8 is turbine exit total temperature. P3 is combustor inlet total pressure.
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Turbine noise
The turbine noise can be calculated as shown in Eq. (7).
2
8.75 lg 20 lg 10 lg 5 lg 20 lg 150 10 lg
HPT T
HPT
T S
L Ma A r n
T b
∆
= + + − − + +  
 
(7)
Where: LHPT is the total noise power. ΔT/T is relative turbine temperature drop and calculated as [1-
(1/πHPT)
(kg-1)/kg], πHPT is turbine expansion ratio, s is gas adiabatic index. MaT is relative Mach number 
before turbine rotor. A is turbine rotor export channel area. S is spacing between guide vane and rotor. b is 
guide vane chord length. r is the distance from nozzle center to observation point. n is turbine stage 
number and is modification of multistage turbine noise.
Jet noise
The jet noise can be calculated as shown in Eq. (8).
210 lg 10 lg 10 lg 4 120
NOZ
L W rπ= + Φ − + − ∆ (8)
Where: LNOZ is the total noise power. W is turbulent jet sound power,
2 8 2
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coefficient, ρ9 is gas density, v9 is gas jet speed, D is nozzle diameter, ρ0 is atmospheric density, c0 is 
atmospheric sound speed. 10lgФ is directivity factor with jet temperature and Mach number, and it is 
calculated as shown in Eq. (9).r is the distance from nozzle center to observation point. Δ is aircraft flight 
velocity factor.
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Where: Ma9 is jet Mach number. T9 is nozzle exit temperature. θ is the observation angle.
Total noise without elimination
The total noise power Ltotal of different noise source can be calculated as shown in Eq. (10).
( )220
1
20 lg 10 i
m
L
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i
L
=
= ∑ (10)
Where: m is the number of noise source. Li is noise power of single noise source.
Noise will be attenuated propagation in atmosphere. The engine noise attenuation can be calculated 
as a point sound source in free space, and it is as follows.
210 lg 4L Rπ∆ = (11)
Where: ΔL is the attenuate noise power. R is the distance from observation point to the source.
3.3. Noise analysis
Based on the above formulas, the noise of ACE is estimated at takeoff state with three operating 
modes, that are as follows: all three bypass ducts are in operating (called 1+2+3); the first duct and
the third duct are operating without afterburning (called 1+3); the first duct and the third duct are 
operating with afterburning (called 1+3 ABing). Takeoff state is at sea level with room temperature, 
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regardless of the humidity effects, engine inlet Mach number is 0. Component noise is calculated 
respectively, including fan (consists of the main fan, CDFS, Flade and high pressure compressor, 
called hpc, divided into export noise and import noise), combustor, turbine and jet noise. And later 
the total noise is. The noise here has a feature that it is pure noise without any noise suppression. 
The ACE noise is contrasted with Olympus 593 engine installed Concorde in Figure 2 and the 
relative value of each component and total noise in Figure 3.
Figure2. ACE noise level and Olympus 593 engine at takeoff
It can be seen from Figure 2 that, for the ACE, the noise level of 1+3 ABing mode is much higher 
than the other two modes. Because the gas jet speed is very high and is more than 800m/s while 
afterburning. Besides, ACE noise is lower than Concorde with Olympus 593 engine at takeoff state. 
However, this is a long distance from the civil engine at present and a bigger challenge to reduce the 
ACE noise.
Figure3. The relative value of each component and total noise
It can be seen from Figure 3 that no matter which operating mode, jet noise contributes the most 
to total noise as a whole. Then the more contributions come from fan (including import and export), 
combustor and turbine. The key components for reducing noise are nozzle and fan. In addition it is 
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can be seen, that compared with the other two operating mode, the combustor noise takes a larger 
proportion of total noise at 1+3 ABing mode. The reason is the total press ratio of compressing 
components in core flow path goes up, including fan, CDFS and HPC. The combustor exit total 
temperature is rising at the same time. These cause the proportion larger.
4. Conclusions
It is estimated and analyzed the ACE noise level at takeoff state with three different working 
modes. To be part of the conclusions were as follows:
Compared with the Olympus 593 engine for Concorde, ACE noise levels reduced some. ACE has 
more modes, in the case of thrust-reaching, it is selected the optimal noise model for takeoff. However 
ACE is at a high level of noise, it is still a bigger challenge to reduce noise.
Jet noise is the maximum proportion in the total noise. Then it is the fan noise (including import and 
export noise), the combustion noise and turbine noise. So they are the key parts for noise elimination, 
including nozzle, fan import and export, engine inlet, bypass duct and bypass nozzle.
There is an increasingly strong demand for supersonic aircraft with the development of world air 
transport. It has a greater value to research and a bright future to develop ACE as the civil aircraft 
power. Supersonic transport aircraft is not used for short-range flight between the cities, generally 
used for transcontinental and transoceanic flight. To solve its big noise problem, not only study 
actively on active noise suppression, but also consider with the position of airport for takeoff and 
landing. Most of existing civil airports are around the big cities for passenger convenience and near 
residential areas, so there are many noise limits. As the supersonic transporter for a long range,
passengers will be much fewer than the other transporters. The airport can be set in places which are 
far away from the city to reduce the airport noise restrictions on aircraft and engines.
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